Abstract. We study front propagation in the irreversible epidemic model A + B → 2A in one dimension with initially separated A and B, which diffuse with rates DA and DB respectively and B gets converted by neighbouring A with rate . We find analytic estimates for the front velocity by writing truncated master equation in the frame moving with the leading A particle. The results obtained are in reasonable agreement with simulation results and are amenable to systematic improvement. We observe a crossover from the linear dependence of front velocity V on DA for smaller values of DA which, for DA becomes independent of DA. For DA = DB, macroscopic description for the process is given by Fisher equation and one expects to get mean field dependence (V ∼ √ DA) in the reaction controlled limit, i.e. DA → ∞. However, the observed dependence of V on DA in the limit DA → ∞ rules out such convergence to the naive mean field results.
Introduction
In many natural phenomena we encounter propagating fronts separating different phases [1, 2] . In this paper we study the autocatalytic reaction A + B → 2A on a one dimensional lattice. One may think of this as a model for various spreading phenomena such as an epidemic: particle A is an infectious agent which infects a healthy particle B on contact. We are interested in finding the velocity of propagation of this infection with initially segregated A and B. The macroscopic description for this process is given by the following coarse-grained equation [3, 4] ,
Here, ρ A (x, t) is the local density of A particle at position x and time t, D A is its diffusion coefficient and is the infection rate.
, is conserved locally and equation (1) reduces to the well known Fisher equation: 
In the microscopic lattice model in low dimensions, microscopic fluctuations alter the dynamical properties of the propagating front and the results are significantly different from those using deterministic mean field equations. For example, for the process A ↔ 2A, with maximum occupancy per site restricted to N , it is known that the front velocity converges to the corresponding mean field velocity very slowly: 11, 12] . Thus even for very large N discreteness effects remain and the mean field results are recovered only for N → ∞. Discreteness effects have also been studied in the epidemic model, A + B → 2A, where the front velocity is shown to depend linearly or exponentially on the density of particles in the limit of low and high density respectively, instead of square root dependence as one expects from the mean field theory [13] .
For the process A + B → 2A, in the limiting case when the rate of infection is infinitely large compared to diffusion, the problem was studied in [14] using Smoluchowski approach [15, 16] and velocity was shown to depend linearly on D A . Our interest in the present paper is to study the front dynamics away from this special limiting case, i.e., for finite infection rate. Our study is based on the Monte Carlo simulation results and an approximate analytic analysis. We find the front velocity for D A = D B as well as D A = D B and, interestingly, we observe nonlinear 
Model and front velocity
In our simulations, we consider a one dimensional lattice composed of sites i = 1, 2, . . . L. Each site is either occupied by an A particle or a B particle or is empty (denoted as φ), i.e., hard core constraint is imposed. Initially, we start with a lattice which is randomly filled with B particles with overall concentration ρ 0 (all our simulations are done with ρ 0 = 0.5). At i = 1, we place an A particle. A microscopic update begins with selecting a site and one of its neighbours randomly with uniform probability. If the selected site is occupied, then the particle at that site undergoes one of the following microscopic moves: (1) diffusion: particle A(B) diffuses with rate D A (D B ) to the chosen nearest neighbour site, provided the latter is empty. (2) Infection: when a 'sick' particle A encounters the 'healthy' B sitting on the chosen neighbouring site, then B gets converted to A with rate . L such microscopic updates constitute a Monte Carlo Step (MCS). We have taken L = 7000 and results are averaged over 1000 realizations of the process. During our simulation, we monitor position of the rightmost A particle and make sure that it does not reach the right end of the lattice while the simulation time is taken large enough such that system reaches the steady state.
The front, which is identified with the rightmost A thus propagates to the right and we wish to find the asymptotic velocity of this front. As time evolves, the microscopic moves lead to the stochastic movement of the front. After a transient time, the front reaches an asymptotic state and we wish to compute the speed of the front in this regime. Let us denote by P (X, t), the probability of finding the front at X at time t, by Q + e,o (X, t), the joint probability of finding the front at X and the site immediately to the right of it to be empty (e) or occupied (o), and by Q − e (X, t), the joint probability of finding the front at X and the site immediately to the left of it to be empty (e). Then we write master equation for the evolution of P (X, t) as [17] ,
The speed V of the front is defined as:
where, X(t) ≡ X X(t)P (X, t). Next we write the joint probabilities, Q correspond to the conditional probabilities that sites X + 1 and X − 1 are occupied respectively, given that the leading particle is at site X. More simply ρ + 1 and ρ − 1 are the densities at the sites just ahead and behind the front respectively, and, although these are one point functions in the frame moving with the front, in fact involve a two point correlation in the lattice frame.
Along with the normalization X P (X) = 1, we arrive at the following expression for the asymptotic velocity of the front
which is exact, given ρ In a simpler way, the expression for the front velocity (Eq. (4)) can be understood by visualizing the front as random walker moving with forward and backward rates as P + and P − respectively, and thus speed of the front V = P + − P − . In order to compute P + , we notice that there are two ways in which the front can move to the right: (1) when the leading particle diffuses to the right neighbouring site, provided the latter is empty, with rate D A (1 − ρ + 1 ), where ρ + 1 is the probability that the site just ahead of the front is occupied, (2) when the site just ahead of front is occupied by a B particle which gets infected by the neighbouring A and the front moves forward with rate ρ For the case → ∞, the approximate analysis shows that density profile behind the front is uniform and equal to bulk density ρ 0 [14] and thus in this limit one can
